Molecular characterization and overexpression analyses of secologanin synthase to understand the regulation of camptothecin biosynthesis in Nothapodytes nimmoniana (Graham.) Mabb.
Camptothecin is a high-value anti-cancerous compound produced in many taxonomically unrelated species. Its biosynthesis involves a complex network of pathways and a diverse array of intermediates. Here, we report the functional characterization and regulation of secologanin synthase (NnCYP72A1), a cytochrome P450 involved in camptothecin biosynthesis from Nothapodytes nimmoniana. It comprises an open reading frame of 1566 bp in length. Heterologous expression in Saccharomyces cerevisiae and in vitro enzymatic assays using loganin as substrate confirmed the formation of secologanin. In planta transient overexpression analysis of NnCYP72A1 resulted in 4.21- and 2.73-fold increase in transcript levels of NnCYP72A1 on days 3 and 6 respectively. Phytochemical analysis of transformed tissues revealed ~ 1.13-1.43- and 2.02-2.86-fold increase in secologanin and CPT accumulation, respectively. Furthermore, promoter analysis of NnCYP72A1 resulted in the identification of several potential cis-regulatory elements corresponding to different stress-related components. Methyl jasmonate, salicylic acid, and wounding treatments resulted in considerable modulation of mRNA transcripts of NnCYP72A1 gene. Chemical analysis of elicitor-treated samples showed a significant increase in CPT content which was concordant with the mRNA transcript levels. Overall, the functional characterization and overexpression of NnCYP72A1 may plausibly enhance the pathway intermediates and serve as prognostic tool for enhancing CPT accumulation.